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PREFACE 

The ERIC Information Analysis Center for Science Education has 
cooperated with the National Association for Research in Science Teaching 
to provide abstracts of most of the papers presented at the annual confer- 
ence in Pasadena, California, February 6 through February 9. 

All persons who had papers accepted were invited to submit 
abstracts for inclusion in this publication. Some editing was done by 
the ERIC Staff to provide a general format for the abstracts. Special 
recognition should be given to Dr Willard Jacobson who organized the 
program and obtained many of the abstracts and to Mr. Philip Dauterman of 
the ERIC Staff who was responsible for much of the general editorial work. 

Many of the papers will be published in journals or be made 
available through the ERIC system. These will be announced through 
Research in Ed ucation and other publications of the ERIC system. Papers 

may also be requested from the authors while their limited supplies are 
available. 



February, 1969 Robert w . Eme 

Director 

ERIC Information Analysis Center 
for Science Education 

Sponsored by the Educational Resources Information Center of the 
United States Office of Education and The Ohio State University. 

This publication was prepared pursuant to a contract with the 
Office of Education, United States Department of Health, Education, and 
Welfare. Contractors undertaking such projects under Government sponsorship 
are encouraged to express freely their judgment in professional and techni- 
cal matters. Points of view or opinions do not, therefore, necessarily 
represent official Office of Education position or policy. 
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Chairwoman: Jean Kriebs, Temple University 

1. "A Procedure for Observing Teacher and Pupil Behavior in the 
Science Classroom," Arthur W. Friedel ■ Fort Wayne Regional 
Campus, Purdue University. 

2. "A Study of the Questioning Behavior of Teachers in the 
Science Curriculum Improvement Study Teaching the Unit on 
Material Objects," Allan Rondo - Indiana University. 

3. "A Study of the Use of Inquiry and Related Conceptual Under- 
standings at Selected Grade Levels," Stanley V. Delidow - Wayne 
State University. 

4. "Achievement Trends in Concept Learning," Stanley L. 
Helgeson - The Ohio State University. 
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A PROCEDURE FOR OBSERVING TEACHER AND PUPIL 

BEHAVIOR IN THE SCIENCE CLASSROOM 

Arthur William Friedel 
The Ohio State University 
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This study was designed to develop an observational procedure for 
describing teacher and pupil behavior in the science classroom. Bellack 
and others have called for the development of a variety of techniques for 
the collection of c lassroom data before future research can be done to 
ascertain what kinds of classroom events are related to what kinds of learn- 
ing outcomes. The importance of this study is the development of observa- 
tional procedure to describe the verbal and nonverbal classroom behavior of 
teachers and pupils. This research has also served as a prototype for 
other recent research conducted at the Ohio State University. 



This study was carried out in two phases: (1) a record of teacher 

and pupil behavior was secured; and (2) the record was quantified. 

The record was secured through direct observation of four Columbus, 
Ohio, area science classes and twelve video recordings of nine Pittsburgh, 
Pennsylvania, area science classes. Narrative records were made during the 
visitations and the viewing of tapes. Developed was a theoretical framework 
consisting of a model of communications as synthesized by Galloway and a 
theory of interpersonal needs as postulated by Schutz. Through the inter- 
play of the narrative records and the theoretical framework, categories 
were developed to codify the sender, message, channel, and receiver of 
message behavior and the performer, behavior, and channel of non-message 
behavior. In describing teacher or pupil behavior, symbols were recorded 
every five seconds to indicate (1) sender or performer, (2) message or 
non-message behavior, (3) channel, and (4) receiver. To codify message 

b *L aVi °!’ tw enty-nine categories were developed; to codify non-message behavior, 
• Specific directions for the use of the category system with a video 
tape recording were developed. 



The second phase of the study, the quantification of the record, 
was accomplished through a reliability study. Another sample of twelve 
video tapes of twelve science classes was recorded in Fort Wayne, Indiana. 
An undergraduate in science education was trained to use the observational 
procedure. After About 30 hours of viewing, discussing, and recording 
symbols corresponding to the science classroom behavior of the teacher, the 
observers selected a random sample of 15 five-minute segments of recorded 
tape for coding. Scott's coefficient was calculated for each five-minute 
segment of tape coded and for the total 75 minutes of tape coded. The 
range of the coefficients for the 15 five-minute segments was found to be 
from 0.57 to 0.90, and the median was 0.80; for the total viewing time, the 

coefficient was 0.92. This procedure established the observational device 
as a useable instrument. 
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llu* researcher then codified the behavior of the pupils as recorded 
on the same 15 segments of video tape selected for teacher observation. 
Obtained were percentages of behavior recorded in each category of sender or 
performer, message or non-message or behavior, channel and receiver. 

Six major conclusions of science classroom behavior were obtained; 

1. The predominant features of science classroom 
behavior were the message behaviors of the 
teacher and the non-message behaviors of the 
pupils. Message behavior accounted for 64 
per cent of teacher behavior and non-message 
behavior accounted for 83 per cent of pupil 
behavior. 

2. Teacher impersonal message behavior accounted 
for more messages than personal behavior-- 56 
per cent was recorded as impersonal, 44 per cent 
personal. 

3. There was relatively infrequent use of rein- 
forcement by the teachers--2 per cent of the 
recorded behavior-- 1 per cent positive and 

1 per cent negative. 

4. There was an infrequent categorization of 
behaviors associated with experimental in- 
format ion- -5 per cent as compared with 31 
per cent designated as authoritative informa- 
tion and 14 per cent drill. 

5. There was frequent use of the verbal channel 
for messages by the teacher--87 per cent of 
the teachers * messages was sent via this 
channel alone. 

6. Non-message behavior required the nonverbal 
channel exclusively. The nonverbal channel 
was used for 100 per cent of the teachers 1 
and pupils' non-message behavior. 
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A STUDY OF THE QUESTIONING BEHAVIOR OF TEACHERS IN THE 

SCIENCE CURRICULUM IMPROVEMENT STUDY TEACHING 

THE UNIT ON MATERIAL OBJECTS 

Allan Kiichi Kondo 
Indiana University 



The purpose of this project was to study the questioning behavior 
of teachers in the Science Curriculum Improvement Study (SCIS) , and the 
possible relationship between their questioning behavior and the different 
types of SCIS lessons. The SCIS has identified at least two main types of 
lessons: Invention lessons in which teachers introduce a concept to chil- 

dren, and Discovery lessons in which children apply the concept to new 
situations. 



The same sequence of four lessons, two Invention and two 
Discovery, in the SCIS unit on Material Objects, was tape-recorded for 
four first-grade teachers in the same school. The transcripts of the 
tapes were analysed in terms of the complexity of their questioning behavior 
using question-response-comment units called incidents , the question types 
(Routine, Cognitive-Memory, Convergent, Evaluative, and Divergent), teacher 
reactions to responses or to her own questions, and the transition proba- 
bilities of one question type followed by the same or other types . 

The analyses of the questioning behavior of the four teachers in 
the SCIS revealed the following results: 

1. Overall, there was a fairly consistent pattern of questioning 
by the four teachers across the four lessons. The most complex lesson was 
Lesson 20 (Invention of the Comparison of Objects Using Signs). 

2. Differences in the complexity of questioning patterns were 
more striking when individual teachers were compared. Certain teachers had 
a more complex pattern than others. 

3. On the average, the percentages of Routine and Cognitive- 
Memory questions across lessons seemed to be influenced by the lesson being 
taught, but not by whether the lesson was an Invention or a Discovery lesson 
_per se . The way the lesson v?as approached--i.e. , teacher demonstration, 
children handling materials, etc., seemed to have a greater influence. When 
the lesson was largely handled through a demonstration, the percentages of 
Routine questions were relatively low and the percentages of Cognitive- 
Memory questions were relatively high. 

i 

4. There was a fairly uniform percentage of Convergent questions 
across all lessons, about one-half of all questions asked being Convergent. 
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5. The relative frequencies of Evaluative questions were low in 
all lessons. 



6 * w,lile there were low percentages of Divergent questions over- 
all across the lessons, the Invention lessons (Lessons 20 and 2la) produced 
the highest percentages. 



7. In general, it is suggested from the data that the way the 
t.osson is approached has a greater influence on the types of questions 
asked than the type of lesson per se . 



8. In most cases, the differences of question types among individ- 
ual teachers were more striking than the averages across lessons. This 

points out the importance of the individual teacher’s style in the tvnes of 
questions she asks. 



9 In terms of the teacher reactions to children's responses and 
to her own questions, the most pronounced differences across lessons were 
found in Lessons 20 (Invention) and 22 (Discovery), on the one hand, and 
Lessons 21a (Invention) and 21b (Discovery), on the other. The percentages 
m categories of Repetition of responses and Question following question 

hlgher in the first P air mentioned than in the second. Again, vast 
differences were found between individual teachers. This revealed the 

characteristic ways in which different teachers react to children's responses 
and to tneir own questions. r 



10. One type of question tends to be followed by questions of the 
same type to a greater extent than would be indicated by the overall 
distribution. 



*.4 £ Th ® information gained in this study might be used in the considera- 

tion of teaching strategies, curriculum modifications, and teacher education. 
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A STUDY OF THE USE OF INQUIRY AND RELATED CONCEPTUAL 

UNDERSTANDINGS AT SELECTED GRADE LEVELS 

Stanley V. Deiidow 
Wayne State University 



There are numerous current programs in science education that 
attempt to use the inquiry approach of 'process'. Yet there is comparatively 
little information on how children utilize or react to open or fluid inquiry. 
What is known has been generally developed within such specific programs as 
EtS . S . , A.A.A.S . , S.C.I.S., E.S.C.P., and B.S.C.S. 

There is some need to research the question: How do children, 

K" 12, react to inquiry when given similar problems and placed in similar 
situations? Implications from this type of research could attempt to re- 
evaluate the presence of any pattern of development of inquiry skills, could 
attempt to correlate conceptual understanding with process skills, and could 
have bearing upon the validity of topic centered spiral curriculum. 

The problem being explored in this study is the following: How dc 

children in the kindergarten, second, fifth, eighth and eleventh grades 
react to inquiry when presented similar problems in similar situations? 

The research is to be conducted during the fall of 1968 in the 
West Bloomfield Hills School District, northwest of the city of Detroit. 

This school district will allow the study to select as homogenous a student 
population as possible. 

The grades selected for the study are kindergarten, second, fifth, 
eighth and eleventh. The reason for such a selection is two- fold. First, 
not every grade level could be examined in the allotted time for this 
research, nor would it be deemed essential to do so. Second, in pilot situa- 
tions involving the elementary schools, it was ascertained that discrete 
differences could be found between these grades . The eighth and eleventh 
grades were chosen as being representative of two levels of secondary school 
students. Two classes from each of the chosen grades are to be selected so 
as to produce a total population of between 250 and 300 students. 

Students will be asked to participate in one of two problems. The 
procedure is to interview each student separately for between twenty and 
thirty minutes, placing his reactions to the problems presented on video tape. 

The first problem involves the ability to see pattern in selected 
samples in an attempt to accurately estimate the colors in a population of 
colored wires. In this activity, observation and understanding, probability, 
measuring, selection of sample and grasp of numbers are most important. 
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The second problem involves a cardboard tube, blocks, and three 
marbles. Two of the marbles are exactly the same size (4mm) one glass 
(93 mg), the other copper (358 mg). The third is a 6mm glass bead that 
weighs 300 mg. Students will be asked which of the two small marbles will 
roll farther and then asked to prove their answer, using some procedure. 

The object is to have the students devise a situation that will demonstrate 
their beliefs, ideas, or ways of finding out. 

Each interview has a standardized but flexible format and pro- 
duces a situation in which the interviewer initially sets the question. This 
calls for a loosely structured but informal situation in which, after the 
problem is suggested, the student is left alone to his own devices. 

The evaluation of each interview will be done by means of a loose 
scale that parallels the interview schedule. Such a schedule would attempt 
to rate each child in two areas: one, level of recognition, understanding 

of concept dealt with; two, exhibited use of process skills. 

As a final check on research procedures, a different educator will 
ascertain the level of prejudice produced by the interviewer. 

It is believed that this research, using this format, will produce 
evidence to show that there does exist a pattern of developmental ability in 
open inquiry and that it does to some degree correlate with the Piagetian 
model of the child's understanding of reality. This research will also 
give evidence to show that, while levels of sophistication vary, all types 
and aspects of inquiry skills do appear at each level. 
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achievement trends in concept learning 

Stanley L* Helgeson 
The Ohio State University 



Differences in learning achievement attained by pupils of differing 
maturity are important considerations in teaching elementary school science. 

If understanding is hierarchical in nature, we must then be concerned with 
pupil attainment at various complexity levels within this hierarchy. Two 
questions arise: Do pupils of differing maturity attain the same level of 

achievement? and do such pupils achieve in the same ways at each of the 
levels of understanding? 

Using grade enrollment as an indicator of maturity, the investi- 
gator considered the foregoing questions in the form of the following problems: 

1. Are there significant differences among the levels of the mean 
scores achieved by pupils in grades 2-6 for each of the knowledge, compre- 
hension, and application levels? 

2. Are the trends of the mean scores achieved by the pupils in 
grades 2-6 parallel for each of the knowledge, comprehension, and appli- 
cation levels? 

A sample consisting of 12 pupils was randomly selected from each 
of grades 2-6 from an elementary school in central Wisconsin. An instruc- 
tional unit was developed for each of eight concepts selected from within 
the conceptual scheme of force; the order of events within each unit was 
fixed to provide for comparable instruction of all pupils. 

Evaluation was by paper-and-pencil multiple-response items designed 
to test for achievement at each of the knowledge, comprehension, and appli- 
cation levels . The instruments contained five items per concept for a total 
of 40 items at each of the knowledge, comprehension, and application levels. 

Analyses of the evaluation data reveal the following results: 

Knowledge --The re are significant differences among the levels of the mean 
scores achieved by the pupils in grade 2-6. The trends of the mean scores 
are parallel for pupils in all grades when compared across concepts. 

Comprehens ion- -There are significant differences among the levels of the 
mean scores achieved by the pupils in grades 2-6. The trends of the mean 
scores cannot be established as being parallel when compared across concepts. 
A pplication - -There are significant differences among the levels of the mean 
scores achieved by the pupils in grades 2-6. The trends of the mean scores 
were not parallel when compared across concepts* 
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It would appear that, based on these results for this sample, not 
only do differences in level of achievement occur for pupils of differing 
maturity, but that differences also occur in the ways in which they achieve. 



This research was performed pursuant to contracts with the United States 
\ Office of Education, Department of Health, Education, and Welfare, under 

provisions of the Cooperative Research Program at the University of 
Wisconsin Research and Development Center, Center No.C-03, Contract 

i OE 5-10-154. 
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\ Principal Investigators for the Science Concept Learning Project were 

Dr. Milton 0. Pella and Dr. George T. O'Hearn. 
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l Session B-2 The Teaching of Biology 

X r 

Chairman: Burton Voss, University of Michigan 

1. "An Exploratory Investigation of Verbal and Non-Verbal Behaviors 
of BSCS Teachers and Non-BSCS Teachers," LeVon Balzer - Western 
Washington State College. 

2. "An Exploratory Study of the Verbal and Non-Verbal Behaviors of 
Biology Teachers and Their Relationship to Selected Personality 
Traits," Thomas Parker Evans - Oregon State University. 

3. "A Comparison of the Ideological Orientations and Personality 
Characteristics of Innovative and Non- innovative High School 
Biology Teachers," Wayne K. Hoy - Rutgers - The State University 

of New Jersey and Jacob W. Blankenship - Oklahoma State University. 
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AN EXPLORATORY INVESTIGATION OF VERBAL AND 
NON-VERBAL BEHAVIORS OF BSCS TEACHERS 



AND NON- BSCS TEACHERS 



I 

1 LeVon Balzer 

j Western Washington State College 

i 

I 

The purpose of this study was to achieve the following objectives: 

I 

| . 

f 1. To develop an instrument for the categorization of biology 

I teacher verbal and non-verbal behaviors. 



2. To record and encode behaviors and patterns of biology teacher 
behavior by means of utilization of the instrument on video tape recordings 
taken in the classroom. 
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3. To identify aspects of teacher behavior patterns that differ 
significantly among teachers and aspects that appear relatively similar or 
correlate highly among teachers. 

4. To identify behaviors and/or patterns of teacher verbal and 
non-verbal behavior that differ significantly between BSCS teachers and 
non-BSCS teachers. 

This investigation was one of two studies which were parallel in 
part and were designed to contribute to the development and use of a category 
system by means of video tape recordings. The instrument ( Biology Teacher 
Behavior Inventory ) was developed inductively from the complete written 
records of behaviors obtained from the video tapes. All identifiable verbal 
and non-verbal behaviors influencing the teaching- learning situation were 
included. The empirical data from the video tapes constituted the basis of 
the category system. 

Encoding was accomplished by writing symbols representing the 
appropriate categories, subcategories, and subdivisions in the columns of 
the Data Record representing verbal, congruent, non-verbal, and contradictory 
behaviors. ,As long as a given behavior continued, pencil dots were continued 
under those symbols at approximately one-second intervals. Condensation of 
data involved identification of predominant behaviors based on time consumed 
within ten-second intervals. 

Observer agreement figures on the three groups of behavior samples 
were 0.92, 0.95, and 0.93 as obtained by use of the Scott Index of Intercoder 
Agreement. i 
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